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Pharmaceutical compositions containing a bisphosphonate 
and their use for nasal administration 



1. 

5 The present invention relates to new pharmaceutical 

compositions containing a bisphosphonate and their use for 
the nasal administration to patients suffering from diseases 
where treatment with a bisphosphonate is indicated. 

Bisphosphonates (or diphosphonates) are drugs which 
10 can be used in certain diseases involving calcium 

metabolism, such as Paget's disease, hypercalcaemia due to 
malignancy, osteoporosis and rheumatoid arthritis. 

Bisphosphonates have hitherto been administered either 
orally or intravenously to patients. However, the oral 
15 absorption is poor and often accompanied by gastro- 
intestinal side effects. Furthermore, the degree of 
absorption shows substantial individual variations. 
Consequently, intravenous administration has up till now had 
to be used whenever a rapid and reliable delivery of 
20 bisphosphonates was needed. 

Thus, there is a need for a suitable way of 
administering bisphosphonates enterally, but despite the 
fact that this problem has existed for more than a decade, 
no solution has been found. 
25 It has now surprisingly turned out that in spite of 

their very polar nature it is possible to administer 
bisphosphonates through the nasal route, thereby not only 
avoiding the side effects encountered with oral 
administration, but even obtaining a degree of absorption 
30 which is several times higher than that obtained after oral 
administration • 

It has further turned out that the addition of 
penetration enhancers to the pharmaceutical preparation 
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intended for nasal administration improves the absorption of 
some bisphosphonates dramatically. It is known (European 
patent application, publication No. 128831) that penetration 
enhancers can be used to improve the nasal absorption of 
5 compounds of higher molecular weight, such as insulin, 

glucagon and calcitonin, but it was not to be expected that 
such enhancers would be able to improve the absorption of 
compounds of relatively low molecular weight like 
bisphosphonates. 

Any bisphosphonic acid or salt thereof suitable for 
treatment of patients can form part of the pharmaceutical 
compositions according to the present invention. As examples 
of such bisphosphonic acids, mention may be made of 
l-hydroxy-alkylidene-l,l-bisphosphonic acids, e.g. 
l-hydroxy-ethylidene-l,l-bisphosphonic acid (etidronate) or 

1- hydroxy-pentylidene-l , 1-bisphosphon ic acid ; 
dichloromethylene-bisphosphonic acid (clodronate) ; 
d if luo rorae t hylene-b isphosphon ic ac id ; 

3-amino-l-hydroxy-propylidene-l,l-bisphophonic acid (APD); 
3- (N,N-dimethylamino) -1-hydroxy-propylidene-l, 1-bis- 
phosphon ic acid; 

3- (N,N-diethylamino) -1-hydroxy-propylidene-l, 1-b isphosphon ic 
acid; 

4- amino-l-hydroxy-butylidene-l , 1-b isphosphonic acid ; 

4- (N,N-dimethylamino) -1-hydroxy-butylidene-l, 1-b isphosphon ic 
acid; 

5- amino-l-hydroxy-pentylidene-l, 1-b isphosphonic acid; 

6- amino-l-hydroxy-hexylidene-l, 1-b isphosphonic acid;, 

2- (2'-pyridyl)-ethylidene-l,l-bisphosphonic acid; 
N- (3 ' -methyl-2 • -pyr idyl) -aminomethyleneb isphosphonic acid ; 
(4-chlorophenylthiomethylene)-bisphophonic acid (SR 41319); 
compounds described and claimed in international patent 
application PCT/DK85/00071 filed on July 25, 1985 (claiming 
priority from British patent application No. 8419489, filed 
on July 31, 1984); and compounds described and claimed in 
international patent application PCT/DK86/00132 filed on 
December 10, 1986 (claiming priority from British patent 
application No. 8530603, filed on December 12, 1985). 
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The bisphosphonic acids are tetrabasic acids which 
can form mono-, di-, tri- and tetra-salts with bases. In the 
compositions of the present invention, the bisphosphonic 
acids are preferably being used in the form of neutral 
5 salts with pharmaceutical^ acceptable bases. 

Examples of suitable enhancers for the nasal 
absorption of bisphosphonates include, but are not limited 
to, compounds of the general formula I: 
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Y 




in which X (in the a- or 0-position) stands for hydrogen, 
OH-, -O-alkyl, -O-acyl, -S-alkyl, -S-acyl or halogen; Y (in 
the a- or 0-position) stands for -OH, -O-alkyl, -O-acyl, 
halogen, -O-alkylsulfonyl, -O-arylsulfonyl; R stands for -OH 
or -NHZ, and in which the dotted lines indicate the 
possibility of double bond(s); when R represents -NHZ, then 
Z stands for alkyl or aryl, substituted with carboxyl, 
sulfonic acid groups, and/or quaternary ammonium groups; or 
compounds of the general formula II: 
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CO-R 



(II) 



wherein and R 3 (in the a- or p -posit ion ) , 

which can be the same or different, each stands for hydrogen 

or -OH, and in which R has the same meaning as in formula I, 

provided that not all R^, R^, r^ can be hydrogen at 

the same time. The compounds of formula I and II are 

preferably used in the form of pharmaceutically acceptable 

salts. 

The pharmaceutical composition of the present 
invention is formed into a nasal preparation. 

In the nasal preparation, the physiologically active 
bisphosphonate is contained as the drug, optionally together 
with an absorption enhancer. 

The nasal preparation according to the present 
invention can be produced by conventional processes. For 
example, small amounts of a pH adjusting agent, 
preservative, thickening agent (natural gums, cellulose 
derivatives, acrylic acid polymers, vinyl polymers etc.) 
and/or excipients are incorporated. 

The nasal preparation of the present invention may 
take a solid, liquid or semi-liquid form. In the case of a 
solid form, the above components may be simply blended or be 
freeze-dried to provide a powdery composition, the preferred 
particle size in either case being about 20 to 250(i. In the 
case of a liquid preparation, it is preferably an aqueous 
solution, an aqueous suspension or an oil suspension. The 
semi-solid preparation is preferably an aqueous or 
oleaginous gel or ointment. 
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As to the proportion of each component in the nasal 
preparation , the content of bisphosphonate in the final 
preparation is about 0.005 to 50 w/v% and preferably about 
0.01 to 30 w/v% and the optional content of absorption 
5 enhancer is from 0 to 5 w/v%, preferably from 0 to 1 w/v%. 

In the case of a liquid or semi-liquid preparation , 
the amount of bisphosphonate in the preparation is about 
0.001 to 50 w/v% and preferably about 0.05 to 40 w/v%, and 
the optional content of absorption enhancer is from 0 to 5 
w/v% f preferably from 0 to 1 w/v%. 

The excipient is exemplified by glucose, mannitol, 
inositol, sucrose, lactose, fructose, starch, corn starch, 
microcrystalline cellulose, hydroxypropylcellulose, hydroxy- 
propylmethyl cellulose, polyvinylpyrrolidone, etc. 

The liquid preparation can be produced by known 
procedure. For example, an aqueous preparation for nasal 
administration can be produced by dissolving, suspending or 
emulsifying the active components in water, a buffer 
solution or an aqueous medium. The oil suspension for nasal 
use can be produced by suspending or emulsifying the active 
components in an oleaginous base. 

The above mentioned oleaginous basis is examplified by 
various oils and fats such as sesame oil, olive oil, corn 
oil, soybean oil, cotton seed oil, peanut oil, lanoline, 
vaseline, paraffin, coparaf f inate, silicone oil, glycerol 
fatty acid having 6 to 30 carbon atoms or its glycerol ester 
or its alcoholic ester, or a mixture thereof. 

As to the semi-solid preparation, an aqueous or 
oleaginous gel or ointment can be produced by the per se 
conventional procedure. For example, such an. aqueous gel for 
nasal administration can be produced in the following 
manner. First, an aqueous solution or suspension of the 
active components is prepared and, if required, a pH 
adjusting agent, a preservative and/or the like are added. 
The solution is divided into halves and an aqueous gel base 
is dissolved or dispersed in one of the halves and heated or 
cooled to give a stable gel. The two halves are combined and 
evenly mixed to give an aqueous gel preparation. 
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Adjustment of the pH of the preparation can be 
effected by adding an acid, a base, a buffer solution or the 
like in the course of the production of the preparation. As 
examples of the acid, there may be mentioned inorganic acids 
5 (like hydrochloric acid, boric acid, phosphoric acid, 
carbonic acid, etc), amino acids and organic acids (e.g. 
monocarboxylic acids, oxycarboxylic acids, polycarboxylic 
acids). The base is exemplified by sodium hydroxide, 
potassium hydroxide, sodium hydrogen carbonate, sodium 
10 carbonate etc. 

Examples of the aqueous gel basis include natural gums 
(e.g. gum tragacanth, gum acasia, gum karaya, Irish moss, 
gum guaiac, gum xanthane, locust bean gum etc), cellulose 
derivatives (e.g. methylcellulose, carboxymethylcellulose 
etc), acrylic acid polymers (e.g. polyacrylic acid, 
polymethacrylic acid etc), vinyl polymers (e.g. polyvinyl 
pyrrolidone, polyvinyl alcohol, polyvinyl methyl ether, 
carboxypolymethylene etc) ,. synthetic polysaccharides (e.g 
polysucrose, polyglucose, polylactose etc), starch, dextrin, 
pectin, sodium alginate etc. These bases may be used in the 
form of appropriate mixtures of two or more species. 

The oleaginous ointment for nasal administration can 
be produced by dispersing the active components evenly in a 
hot melt of an oleaginous base and cooling the same under 
stirring. The oleaginous base may be one of those mentioned 
hereinbefore. 

Preservatives may be incorporated in nasal 
preparations. Examples of such preservatives include 
Phenolic compounds such as phenol, cresol etc; alcohols such 
as chlorobutanol, phenylethyl alcohol, propylene glycol etc- 
invert soaps such as benzalkonium chloride, benzethonium 
chloride etc; benzoic acid, sorbic acid, dehydroacetic acid 
and sulfurous acid and salts thereof; acids and their salts 
such as sodium hydrogen sulfite. 

If the nasal preparation of the invention is in solid 
form, it can be administered in the following exemplary way. 
A capsule containing the powdery preparation is set in an 
exclusive dust applicator equipped with needles to pierce 
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the capsule at the top and bottom thereof and an air balloon 
is used to drive the powdery contents into the nasal cavity. 

In the case of a liquid preparation, it is put into a 
nasal douche, an atomizer or a spray-mist applicator suited 
5 for nasal application of liquids and dripped or sprayed into 
the nasal cavity. 

The semi -solid preparation can be administered, for 
example by filling a tube with the preparation and sending 
the preparation directly into the nasal cavity through an 
10 applicator attached to the mouth of the tube or by 

administering the indicated dose of the preparation by means 
of a nasal insertion device. 

While the dosage of the bisphosphonate varies with its 
kind, the disease to be treated, and the patient to be 
15 treated, the proper amount of the solid preparation per dose 
is about 5 mg to 100 mg, that of the liquid preparation is 
about 0.05 to 0.5 ml, and that of the semi-solid preparation 
is about 50 mg to 500 mg. The nasal preparation may be 
administered from one to about four times per day. 
20 The invention also relates to a method for treating 

patients suffering from a disease where treatment with a 
bisphosphonate is indicated, such as Paget 's disease, hyper- 
calcaemia due to malignancy, osteoporosis and rheumatoid 
arthritis, said treatment consisting of administering to the 
patient in need of treatment an effective amount of the 
present composition. 

The following Examples shall illustrate the invention, 
but not limit its scope. 
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Example 1 

Masa i Absorption of fphenoxvmPi-hvl^nP^-h^p ^sphnnir »^ 

Disodium (phenoxymethylene) -bisphosphonate: 7.50 g 
Water: 



Ethanol: 
2N NaOH: 



60 ml 
10 ml 
to pH = 7.6 



WO 88/00829 



PCT/DK87/00084 



3 



The final solution was diluted with water to a total 
volume of 100 ml. 
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PreparaKon TT; 

Preparation I containing 1 w/v% sodium tauro-24,25- 
dihydrofusidate (a compound of formula I) 

Experiments 

Preparation II was sprayed into the nasal cavity of 2 
dogs. Preparation I was given either orally, intravenously 
or nasally (as a spray) to the same two dogs. Urine (0-24 
hours) was collected in all four experiments and the urinary 
excretion of EB 899 was determined analytically. 



15 Dog No. 



Route of ad- Prepara- Dose of Amount % of 
ministration tion EB 899-di- excreted theory 

^ Na (mn) 



Jog. 



20 



25 



521 


nasal 


II 


523 


nasal 


II 


521 


nasal 


■ I 


523 


nasal 


I 


521 


i.v. 


I 


523 


i.v. 


I 


521 


oral 


I 



115.8 


51.3 


44.3 


123.8 


35.2 


29.3 


120.1 


9.6 


8.0 


123.8 


10.2 


8.2 


12.1 


7.8 


64.5 


11.7 


7.1 


60.7 


130.1 


2.2 


1.7 
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Example 7 

The following preparation may be used for the nasal 

administration of the disodium salt of 3-amino-l-hydroxy- 

propylidene-l r l-bisphosphonic acid (APD) either as drops or 
as a spray: 



35 



Disodium salt of APD 

Sodium tauro-24 , 25-dihydrof us idate 

Water, to a total volume of 



5.0 g 
0.5 g 

100 ml 
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For the nasal administration of 3- (N,N-dimethylamino) - 
-l-hydroxy-propylidene-l,l-bisphosphonic acid, the following 
preparation may be used: 

D isod ium 3- (N, N-d imethylamino ) -1-hyd roxy- 
-propylidene-l,l-bisphosphonate 0.5 g 

Water, to total volume of 100 ml 



Example 4 

10 Nasal absorption of 3-am ino-l-hydroxY-p ro pYlidene-1 . 1- 

14 14 

bisphosphonic acid-1- C ( c-apd) in dogs 

In order to test the nasal absorption of 
3-amino-l-hydroxy-propylidene-l, 1 -bisphosphonic acid, the 
following preparations were prepared: 

15 

Preparation I: 

3-Amino-l-hydroxy-propylidene- 
-1, 1-bisphosphonic acid-1- C 
Saturated aqueous NaflCO^ to make a 
20 solution with pH = 7.5 

Water to make a total volume of 



150 rag 



3 ml 



Preparation 11= 

As preparation I but with 15 mg (0.5% w/v) sodium 
tauro-24,25-dihydrofusidate added. 

Three anaesthetized beagle dogs were treated with 
preparation I either intranasally (as drops) or intra- 
venously. Preparation II was only given intranasally (as 
drops). Blood samples were drawn at 7, 15, 30, 45 and 60 

minutes and at 2, 3, 4, 6 and 24 hours after drug 

14 

administration. The blood levels of C-APD (pg/ml) were 
determined by measuring the radioactivity in the blood 
samples. AUC (area under blood concentration curve) values 
were calculated, and the nasal absorption was estimated by 
comparing AUC -values after nasal and intravenous 
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Dog No. 


Route of ad- 

th "in"! Q*fc ra^ i on 


Preparation 

• 


.Dose of 
c— APn 


AUG 
\n x pg/iuxj 


219 


nasal 


i 


- 

30 mg 


2484 


413 


nasal 


i 


30 mg 


2728 


514 


nasal 


i 


30 mg 


2044 


103 


nasal 


ii 


30 mg 


2660 


213 


nasal 


ii 


30 mg 


3766 


229 


nasal 


ii 


30 mg 


2888 


103 


i. v. 


i 


30 mg 


16068 


213 


i»v. 


i 


30 mg 


11992 


229 


i.v. 


i 


30 mg 


15930 
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Example 5 

Nasal absorption of ( 4-th iomorphol in ylmefchylene Ibis 

phosphoric acid f C labelled ) in dogs 

The following preparations were made: 
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Preparation T 



(4-Thiomorpholinylmethylene) -bisphosphonic 
acid ( C-labelled) SL 2261- C 150 mg 

Saturated aqueous NaHCO to make a solution 
with pH = 7.5 

Water to a total volume of 3 ml 



30 



Preparation TT 

As preparation I, but with 15 mg (0.5% w/v) sodium 
tauro-24,25-dihydrofusidate added. 

Absorption studies were carried out in 3 beagle dogs 
as described in Example 4. 
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Dog 
No. 



10 



Route of Prepara 
admini- tion 
stration 



11 

Dose of . 
SL 2261- 14 C 
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AOC 
h x pg/ml 



219 


nasal 


I 


30 mg 


3280 


413 


nasal 


I 


30 mg 


5306 


514 


nasal 


I 


30 mg 


8398 


219 


nasal 


II 


30 mg 


4686 


413 


nasal 


II 


• 

30 mg 


3058 


514 


nasal 


II 


30 mg 


8288 


219 


i.v. 


I 


30 mg 


8782 


413 . 


i.v. 


I 


30 mg 


9362 


514 


i.v. 


I 


30 mg 


13518 
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WHAT WE CLAIM IS: 
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1- A composition for the administration of a bis- 
Phosphonate to patients in need of treatment, comprising 
as an active ingredient a bisphosphonate or a salt thereof 
together with pharmaceutical^ acceptable, non-toxic 
carrier (s) and/or auxiliary agent (s), said compositions 
being used for nasal administration. 

2. A composition according to claim 1, which in 

as anTh' 0 " • -It thereof contains 

as an enhancer for the na^T a u. A . 

formula I: absorption, a compound of the 




CO-R 



(I) 



25 



30 



OH, alkyl, -o-acyl, -S-alkyl, -s-acyl or halogen; y (in 
the a- or ^-position, stands for -OH, -o-alkyl, -o-acyl, 

-0H 0 Ir n - N H*rTb 1SUlf0 7 1/ " ~*»"^ * stanls'for 
OH or mz, z being alkyl or.aryl, substituted with 

ot: ;nd su in fon h ic : ci t 9roups - and/or ~- 

groups, and m which the dotted lines indicate the 
possibility of double bond(s); 
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or a compound of the formula n : 
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wherein R , R , and R (in the o- or 0 -posit ion ) , 

which can be the same or different, each stands for hydrogen 
or -OH, and in which R has the above meanings, provided that 
not all R^, R^, and R 3 can be hydrogen at the same 
time; or a pharmaceutically acceptable salt of such compound 
of formula I or II. 

3. A composition according to claim 1 or 2, in which the 

bisphosphonate is a member selected from the group 
consisting of 

1-hyd roxy-e t hylidene-1 , 1-b isphosphon ic ac id ; 

1-hyd roxy-pen tylidene-1 , 1-b isphosphon ic ac id ; 

dichloromethylene-bisphosphonic acid; 

dif luoromethylene-bisphosphonic acid; 

3-amino-l-hyd roxy-propyl idene-1 , 1-b isphosphon ic ac id ; 

3-(N,N-diraethylamino)-l-hydroxy-propylidene-l,l-bis- 
phosphonic acid; 

3- (N,N-diethylamino) -1-hydroxy-propylidene-l, 1-bisphosphonic 
acid; 4-amino-l-hydroxy-butylidene-l,l-bisphosphonic acid; 

4- ( N , N-d ime t hylamino ) -1-hyd roxy-butyl idene-1 , 1-b isphosphon ic 
ac id ; 5-amino-l-hyd roxy-pen t yl idene-1 , 1-b isphosphon ic ac id ; 
6-amino-l-hydroxy-hexylidene-l,l-bisphosphonic acid; , 

2- (2 1 -pyr idyl) -ethyl idene-1 , 1-b isphosphon ic acid; 
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N- ( 3 • -methyl-2 • -pyridyl) -aminomethylene-bisphosphonic acid ; 
(4-chlorophenylthiomethylene) -bisphosphonic acid; 
(phenoxymethylene) -bisphosphonic acid; 
(4H:hiomorpholinylmethylene) -bisphosphonic acid; 

5 t + /-)-(3-isobutyl-4-thiomorpholinylinethylene)-bisphosphonic 
acid; 

(+) - (3-isobutyl-4-thiomorpholinylmethylene) -bisphosphonic 
acid; 

(-) - (3-isobutyl-4-thiomorpholinylmethylene) -bisphosphonic 
10 acid. 

4. a composition according to claim 2, in which the 
enhancer is sodium tauro-24,25-dihydrofusidate (STDP) . 

15 5. A composition according to any one of claims 1-4, in 
which the bisphosphonate is present in an amount of from 
0.005 to 50 (w/v) %, preferably from 0.01 to 30 (w/v) %. 
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6. A method for the treatment of patients suffering from 
dxseases involving calcium metabolism, such as Paget 's 
disease, hypercalcemia due to malignancy, osteoporosis and 
rheumatoid arthritis, in which an effective amount of a 
composition according to any one of claims 1 to 5 is 
administered to such patients in need of treatment. 
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